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NITRIDE SEMICONDUCTOR LIGHT EMITTING DEVICE 

Technical Field 

The present invention relates to a nitride 
5 semiconductor, and more particularly, to a nitride 

semiconductor light emitting device for improving a light 
output and a reliability. 

Background Art 

10 Generally, a GaN-based nitride semiconductor is being 

applied to an optic device such as a blue/green LED, and an 
electronic device having a characteristic of a high speed 
switching and high outputting in its application field, such 
as Metal Semiconductor Field Effect Transistor (MESFET) and 

15 High Electron Mobility Transistor (HEMT) . Specifically, the 
blue/green LED is in mass-production, and its worldwide sale 
is being exponentially increased. Such a GaN-based nitride 
semiconductor light emitting device is mainly grown on a 
sapphire substrate or a SiC substrate. Additionally, a 

20 polycrystalline thin film of an Al y Gai- y N layer is grown as a 
buffer layer on the sapphire substrate or the SiC substrate 
at a low growth temperature. After that, an undoped GaN 
layer, a Si-doped n-GaN layer or a combination thereof is 
grown on the buffer layer at a high temperature to 

25 manufacture the nitride semiconductor light emitting device 
having an n-GaN layer functioning as a first electrode 
contact layer and a magnesium-doped p-GaN layer, which is 
formed over the first electrode contact layer to function as 
a second electrode contact layer. Further, a light emitting 

30 layer is a PN junction diode having a sandwich structure in 
which an active layer with a multi quantum well structure is 
interposed between the first electrode contact layer and the 
second electrode contact layer. 

However, the above-constructed nitride semiconductor 

35 light emitting device has a drawback in that a very high 
crystal defect of about 10 8 cm 3 is generated at an interface 
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of the substrate and the buffer layer and accordingly, an 
electric characteristic of the nitride semiconductor light 
emitting device, specifically, a current leakage is increased 
under a reverse bias condition, thereby having a critical 
5 influence on a device reliability. 

Further, the nitride semiconductor light emitting 
device has a disadvantage in that it is not applicable due to 
a low luminance to a large screen device requiring a high 
luminance. Therefore, a solution for improving the 
10 reliability of the light emitting device and increasing the 
luminance is being continuously studied. 

Disclosure 
Technical Problem 

15 Accordingly, the present invention is directed to a 

nitride semiconductor light emitting device and a method of 
manufacturing the same that substantially obviate one or more 
of the problems due to limitations and disadvantages of the 
related art. 

20 An object of the present invention is to provide a 

nitride semiconductor light emitting device and a method of 
manufacturing the same in which an active layer can have an 
improved crystallinity, and an improved light output and 
reliability. 

25 

Technical Solution 

To achieve these and other advantages and in accordance 
with the purpose of the present invention, as embodied and 
broadly described, there is provided a . nitride semiconductor 

30 light emitting device including: an n-type nitride 

semiconductor layer; an In-containing super lattice structure 
layer formed above the n-type nitride semiconductor layer; a 
first electrode contact layer formed above the super lattice 
structure layer; a first cluster layer formed above the first 

35 electrode contact layer; a first In-containing nitride 
gallium layer formed above the first cluster layer; a second 
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cluster layer formed above the first In-containing nitride 
gallium layer; an active layer formed above the second 
cluster layer , for emitting light; a p-type nitride 
semiconductor layer formed above the active layer; and a 
5 second electrode contact layer formed above the p-type 
nitride semiconductor layer. 

In another aspect of the present invention, there is 
provided a nitride semiconductor light emitting device 
including: a first electrode contact layer; a first cluster 

10 layer formed above the first electrode contact layer; a first 
In-containing nitride gallium layer formed above the first 
cluster layer; a second cluster layer formed above the first 
In-containing nitride gallium layer; an active layer formed 
above the second cluster layer; and a p-type nitride 

15 semiconductor layer formed above the active layer. 

In a further aspect of the present invention, there is 
provided a nitride semiconductor light emitting device 
including: an n-type first electrode contact layer; a first 
SiN a cluster layer formed above the first electrode contact 

20 layer; a first In-containing nitride gallium layer formed 
above the first SiN a cluster layer; a second SiN a cluster 
layer formed above the first In-containing nitride gallium 
layer; an active layer formed above the second SiN a cluster 
layer, for emitting light; a p-type nitride gallium layer 

25 formed above the active layer; and an n-type second electrode 
contact layer formed above the p-type nitride gallium layer. 

In a further another aspect of the present invention, 
there is provided a nitride semiconductor light emitting 
device including: an n-type first electrode contact layer; a 

30 strain control layer formed over the first electrode contact 
layer; an active layer formed over the strain control layer, 
for* emitting light, to have an In y Gai- y N well layer, a SiN a 
cluster layer having a thickness of atomic scale, and an 
In z Gai- z N barrier layer; a p-type nitride gallium layer formed 

35 above the active layer; and an n-type second electrode 
contact layer formed above the p-type nitride gallium layer. 



3 



WO 2005/038937 PCT/KR2004/002606 



In a still another aspect of the present invention, 
there is provided a nitride semiconductor light emitting 
device including: an n-type first electrode contact layer; a 
strain control layer formed over the first electrode contact 
5 layer; an active layer formed over the strain control layer; 
a SiN a cluster layer formed above the active layer; a p-type 
nitride semiconductor layer formed above the SiN a cluster 
layer; and an n-type second electrode contact layer formed 
above the p-type nitride semiconductor layer. 

10 In a still another aspect of the present invention, 

there is provided a nitride semiconductor light emitting 
device including: an n-type first electrode contact layer; a 
strain control layer formed over the first electrode contact 
layer; an active layer formed over the strain control layer 

15 to have a first quantum well layer, a second quantum well 
layer, and an In x Gai- x N layer interposed between the first 
quantum well laye£ and the second quantum well layer; a p- 
type nitride semiconductor layer formed above the active 
layer; and an n-type second electrode contact layer formed 

20 above the p-type nitride semiconductor layer. 

In a still another aspect of the present invention, 
there is provided a nitride semiconductor light emitting 
device including: an n-type first electrode contact layer; an 
active layer formed over the first electrode contact layer, 

25 for emitting light; a p-type nitride semiconductor ' layer 
formed above the active layer; and an n-type second electrode 
contact layer formed above the p-type nitride semiconductor 
layer to have an In x Gai- x N/In y Gai_ y N super lattice structure. 

30 Advantageous Effects 

The nitride semiconductor light emitting device and the 
method of manufacturing the same have an advantage in that 
the light emitting layer of the nitride semiconductor light 
emitting device can have an improved crystallinity, and the 
35 improved light output and reliability. 



4 



WO 2005/038937 



PCT/KR2004/002606 



Description of the Drawings 

FIG. 1 is a view illustrating a layer structure of a 
nitride semiconductor light emitting device according to a 
first embodiment of the present invention. 

FIG. 2 is a view illustrating a layer structure of a 
nitride semiconductor light emitting device according to a 
second embodiment of the present invention. 

FIG. 3 is a view illustrating a current characteristic 
of a nitride semiconductor light emitting device according to 
the present invention. 

Best Mode 

Hereinafter, preferred embodiments of the present 
invention will be described in detail with reference to 
accompanying drawings . 

First Embodiment 

FIG. 1 is a view illustrating a layer structure of a 
nitride semiconductor light emitting device according to a 
first embodiment of the present invention. 

Referring to FIG. 1, the nitride semiconductor light 
emitting device according to the present invention has a 
buffer layer 104 formed on a substrate 102. Here, the buffer 
layer 104 can be formed to have an AlInN structure, an 
InGaN/GaN super lattice structure, an In x Gai- x N/GaN layered 
structure, an Al x In y Gai- x - y N/In 2 Gai- z N/GaN layered structure or 
an AlInN/GaN layered structure. Additionally, an In-doped 
GaN layer 106 is formed on the buffer layer 104, and an 
In x Gai- x N/In y Gai- y N super lattice structure layer 108 is formed 
on the In-doped GaN layer 106. Further, an In-doped GaN 
layer 110 is formed on the In x Gai- x N/In y Gai- y N super lattice 
structure layer 108, and an In x Gai- x N/In y Gai- y N super lattice 
structure layer 112 is additionally formed on the In-doped 
GaN layer 110. Here, the In-doped GaN layer and the In x Gai- 
x N/In y Gai- y N super lattice structure layer can be also 
additionally formed repeatedly and in plurality. 
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Additionally/ an n-type first electrode contact layer 
is provided on the In x Gai- x N/In y Gai- y N super lattice structure 
layer 112. The present invention employs a Si-In co-doped 
GaN layer 114 as the first electrode contact layer. The co- 
doping of silicon and indium can cause a low contact 
resistance/ and can suppress the reduction of the 
crystallinity depending on the increase of a doped amount of 
silicon. 

Additionally/ a first SiN a cluster layer 116 Pa" 
denotes any value exceeding zero, and it is the same 
hereinafter) is formed on the Si-In co-doped GaN layer 114, 
and a f irstIn z Gai- z N layer 118 containing a less doped indium 
on the first SiN a cluster layer 116. A second SiN a 
cluster layer 120 is again formed on the first In z Gai- z N 
layer 118. At this time, the first SiN a cluster layer 116 
and the second SiN a cluster layer 120 are formed to have 
thicknesses of atomic scale. . 

An active layer is formed on the second SiN a cluster 
layer 120 to emit light. In the present invention/ the. active 
layer is formed to .have a single quantum well structure or a 
multi quantum well structure, which is comprised of In x Gai- x N 
well layer /In y Gai- y N barrier layer. The SiN a cluster layer is 
respectively formed between the In x Gai- x N well layer 122 and 
the In y Gai- y N barrier layer 126. 

In other words, the active layer can be formed to have 
the single quantum well structure, which is comprised of 
In x Gai- x N well layer/SiN a cluster layer/In y Gai- y N barrier layer 
122, 124 and 126. Additionally, the multi quantum well 
structure having In x Gai- x N well layer/SiN a cluster 
layer/In y Gai- y N barrier layer 128, 130 and 132 can be also 
formed over the quantum well structure having the In x Gai- x N 
well layer/SiN a cluster layer/In y Gai- y N barrier layer 122, 124 
and 126. Detailed composition ratios of the well layer, the 
cluster layer and the barrier layer can be also different at 
each of layer. 

Further, a p-GaN layer 136 is formed on the above- 
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structured active layer, and an n-type second electrode 
contact layer is formed on the p-GaN layer 136. In the 
present invention, the second electrode contact layer is 
formed to have a silicon-doped In x Gai- x N/In y Gai- y N super 
lattice structure layer, an In x Gai- x N layer of a super grading 
structure where an indium composition is varied to control an 
energy band gap, or an (In x Gai- x N/In y Gai- y N super lattice) /n- 
GaN layered structure layer. Further, a SiN a cluster layer 
134 is additionally formed between the active layer and the 
p-GaN layer 136. At this time, the SiN a cluster layer 134 is 
formed to have a thickness of atomic scale. 

The above-described nitride semiconductor light 
emitting device has an n-/p-/n- junction . The n-/p-/n- 
j unction includes the Si-In co-doped GaN layer 114 
functioning as the first electrode contact layer and the Si- 
doped n-In x Gai- x N/In y Gai- y N super lattice structure layer 138 
functioning as the second electrode contact layer. Here, 
electrodes (not shown) are respectively formed using the 
first electrode contact layer and the second electrode 
contact layer in a sequential process, and a voltage is 
applied through the electrodes. 

Further, in order to improve a light output and a 
reliability of the nitride semiconductor light emitting 
device, before the active layer is grown, the SiN a cluster 
layers 116 and 120 of atomic scale are grown before and after 
the low-mole In 2 Gai- z N layer 118 is grown to have a low indium 
content (SiN a /low-mole In x Gai- x N/SiN a ) . The above-construction 
allows the low-mole In z Gai- z N layer 118 to control a strain of 
the active layer, and allows an internal quantum efficiency 
of the active layer to be improved. Further, the SiN a 
cluster layers 116 and 120 can allow a precise control of the 
strain. 

Furthermore, even when the active layer is formed, the 
SiN a cluster layers 124 and 130 are again interposed between 
the In x Gai- x N well layers 122 and 128 and the In y Ga!- y N barrier 
layers 126 and 132 in the same way (In x Gai- x N/SiN a /In y Gai- y N) . 
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By interposing the SiN a cluster layers 124 and 130, the 
internal quantum efficiency of the active layer can be 
improved. 

Further, in order • to suppress an in-dif fusion of 
5 magnesium from a magnesium doped P-GaN layer 136 to the 
active layer, the SiN a cluster layer 134 of atomic scale is 
formed after the last In x Gai- x N barrier layer 132 is grown. 
Therefore, a drawback of a high contact resistance caused by 
a low magnesium dopingef f iciency of the p-GaN layer 136 used 

10 as a conventional second electrode layer, and a drawback of a 
reliability caused by its following current crowding 
generated at a circumference of the electrode can be 
perfectly solved by using an n-In x Gai- x N/In y Gai- y N superlattice 
structure layer as the second electrode contact layer. In 

15 other words, current spreading is effectively performed due 
to an n + -layer to regularize an operation voltage and 
accordingly effectively increase a length of life of the 
light emitting device. Specifically, such a structure of the 
light emitting device having the n-/p-/n- junction has an 

20 advantage in that it can effectively correspond to a large 
area and large output light emitting device generating much 
heat . 

In order to improve the internal quantum efficiency and 
increase the light output, the present invention forms the 

25 low-mole In 2 Gai- 2 N layer 118 with the low indium content to 
control the strain of the active layer. Further, in order to 
improve the light output and a reverse leakage current caused 
by indium fluctuation, the SiN a cluster layers 116 and 120 
are formed to have the thicknesses of atomic scale before and 

30 after the growth of the low-mole In x Gai_ x N layer 118. Through 
the above process, a strain control layer having the SiN a 
cluster layer 116/low-mole In x Gai- x N 118/SiN a cluster layer 
120 is grown. 

Additionally, after the strain control layer is grown, 
35 the active layer emitting a desired wavelength of light has 
the single quantum well or the multi quantum well having the 
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In x Gai- x N well layer/SiN a cluster layer/In y Gai- y N barrier layer 
as one unit structure. 

Here, each of indium contents of the well layer and the 
barrier layer is as follows : In x Gai- x N (0<x<0 . 35) /SiN a /In y Gai- y N 
(0<y<0.1) . Additionally, the active layer having the quantum 
well structure is grown using TMGa, TMIn, SiH 4 and Si 2 H 6 
sources in an atmosphere of N 2/ H 2 +N 2 carrier gas and NH 3 . 

Further, the low-mole In 2 Gai- z N layer 118 can have the 
indium content of 0<x<0.1. Additionally, the low-mole In 2 Gai- 
2 N layer 118 is formed to have a thickness of 10-300 A, and 
the well layer and the barrier layer respectively are formed 
to have thicknesses of 10-30 A and 50-250 A at a growth 
temperature of 730-770t;. At this time, the low-mole In 2 Gai- 2 N 
layer 118 is controlled to allow its surface shape to be 
grown in a spiral mode, and the grown spiral mode is 
controlled and connected up to a surface of the active layer. 
Additionally, the SiN a cluster layers 124 and 130 interposed 
between the well layer and the barrier layer are controlled 
in an atomic scale, and their characteristics can be 

controlled, using a flow of SiH 4 ,Si 2 H 6 and NH 3 for a 
predetermined time. 

After the growth of the active layer having the 
structure of the SiN a cluster layer/low-mole In x Gai- x N 
layer/SiN a cluster layer/well layer/SiN a cluster layer/barrier 
layer/SiN a cluster layer, the growth temperature is increased 
to grow the magnesium-doped p-GaN layer 136 in a gas 
atmosphere of H 2 , N 2 , H 2 +N 2 and NH 3 . 

At this time, the p-GaN layer 136 is doped with 
magnesium to have a plurality of layers in which a doped 
amount of magnesium is sequentially increased. In a 

preferred example, the p-GaN layer 136 has a three-layered 
structure in which the doped amount . of magnesium is 
sequentially increased. The p-GaN layer 136 has a thickness 
of 500-2500 A and a growth temperature of 900-1020°C . 

After the p-GaN layer 136 is grown, the n-In x Gai_ 
x N/In y Gai- y N super lattice structure layer 138 is grown on the 
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p-GaN layer 136. Silicon is excessively doped only into the 
In y Gai- y N layer (0<y<0.1) havingthe low indium content to 
reduce the contact resistance, thereby providing the 
tunneling effect by controlling a total thickness. 
Accordingly, the n-In x Gai- x N/In y Gai- y N (Si) super lattice 
structure layer 138 is used as the second electrode contact 
layer and effectively performs the current spreading. Here, 
the n-In x Gai.-xN/InyGai-yN super lattice structure layer 138 is 
constructed to respectively and alternately have a thickness 
of 2-50 A and a thickness of less than 200 A to the maximum. 

Accordingly, the light emitting device can be 
manufactured to have a high luminance and an excellent 
reliability of the n-/p-/n~ junction structure. 

In the above embodiment, subscripts such as "x", N> y", 
"z" and xx n" are mixed and used in each of the layers, but 
such limitations of • the subscripts are applied only to a 
corresponding layer. The subscript limiting the composition 
ratio of any one layer limits independent composition ratios 
of other layers. This is the same as in a below second 
embodiment of the present invention. 

Second Embodiment 

FIG. 2 is a view illustrating a layer structure of a 
nitride semiconductor light emitting device according to a 
second embodimentof the present invention. 

In the second embodiment, an In x Gai_ x N layer having a 
low doped indium content is additionally formed between a 
pair of quantum well layers, which are comprised of a well 
layer and a barrier layer, so that a strain characteristic of 
the quantum well layer formed on the InxGal-xN layer is 
controlled to effectively improve a reverse breakdown voltage 
and increase the light output, thereby improving a 
reliability of the light emitting device. 

As shown in FIG. 2, the nitride semiconductor light 
emitting device according to the second embodiment of the 
present invention has a buffer layer 204 formed on a 
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substrate 202. Here, the buffer layer 204 can be formed to 
have an AlInN structure, an AlInN/GaN layered structure, an 
InGaN/GaN super lattice structure, an In x Gai- x N/GaN layered 
structure, or an AlxInyGai-x- y N/In x Gai- x N/GaN layered structure. 

Additionally, an In-doped GaN layer 206 is formed on 
the buffer layer 204, and an InxGai-xN/In y Gai- y N super lattice 
structure layer 208 is formed on the' In-doped GaN layer 206. 
Further, an In-doped GaN layer 210 is formed on the In x Gai- 
xN/In y Gai- y N super lattice structure layer 208, and an In x Gai- 
x N/In y Gai- y N super lattice structure layer 212 is additionally 
formed on the In-doped GaN layer 210. Here, the In-doped GaN 
layer and the In x Gai- x N/In y Gai- y N super lattice structure layer 
can be also additionally formed repeatedly and in plurality. 

Additionally, an n-type first electrode contact layer 
is provided on the InxGai-xN/InyGaa-yN superlattice structure 
layer 212. The present invention employs a Si-In co-doped 
GaN layer 214 as the first electrode contact layer. 

Additionally, a first SiN a cluster layer 216 is formed 
on the Si-In co-doped GaN layer 214, and a first In 2 Gai- z N 
layer 218 containing a less doped indium on the first SiN a 
cluster layer 216. A second SiN a cluster layer 220 is again 
formed on the first In 2 Gai- 2 N layer 218. At this time, the 
low-mole In 2 Gai- z N layer 218 is controlled to allow its 
surface shape to be grown in a spiral mode, and the first 
SiNa cluster layer 216 and the second SiN a cluster layer 220 
are formed to have a thickness of atomic scale. 

A first quantum well layer is formed on the second SiN a 
cluster layer 220 to have a structure of In x Gai- x N well 
layer /In y Gai- y N barrier layer 222 and 224. Further, an In 2 Gai- 
Z N layer 226 having a low doped indium content is formed on 
the first quantum well layer, and a multi quantum well layer 
is formed on the In 2 Gai- 2 N layer 22 6 to have a structure of at 
least one of In x Gai- x N well layer 228/In y Ga X - y N barrier layer 
230. 

Here, the In 2 Gai_ 2 N layer 22 6 having the low doped 
indium content is grown to have a thickness of 300-2000 A. 
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The light emitting device controls the strain of the single 
quantum well layer or the Multi Quantum Well (MQW) layer, 
which is formed on the In z Ga x - 2 N layer 226, to effectively 
suppress the light output and the reverse leakage current. 
At this time, the doped indium content of the In 2 Gai- z N layer 
226 is lower than the doped indiumcontent of the barrier 
layer. 

FIG. 3 illustrates a variation of the reverse breakdown 
voltage in case where a bulk-InGaN MQW layer is grown to have 
the In z Gai- 2 N layer 226, and in case where the multi quantum 
well layer is grown not to have the In 2 Gai- 2 N layer 226. 

Referring to FIG. 3, in case where the Bulk-InGaN MQW 
layer with the In z Gai- z N layer 226 is formed, the reverse 
breakdown voltage is improved to increase the reliability of 
the light emitting device in comparison to a normal MQW 
layer. 

Further, a p-GaN layer 232 is formed on the above- 
constructed active layer, and an n-type second electrode 
contact layer 234 is formed on the p-GaN layer 232. A silicon 
doped In x Gai- x N/In y Gai-yN super lattice structure layer is 
formed as the second electrode contact layer. 

The nitride semiconductor light .emitting device 
according to the present invention can be formed to have the 
n-/p-/n- junction. The n-/p-/n- junction has the Si-In co- 
doped GaN layer 214 functioning as the first electrode 
contact layer and the In x Gai- x N/In y Gai- y N (Si-doped) super 
lattice structure layer 234 functioning as the . second 
electrode contact layer. Here, electrodes (not shown) are 
respectively formed using the first electrode layer and the 
second electrode contact layer in a sequential process, and 
the voltage is applied through the electrodes . 

A manufacturing method of the nitride semiconductor 
light emitting device according to the present invention is 
similar with the manufacturing method described with 
reference to FIG. 1, and a detailed description thereof is 
omitted. 
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While the present invention has been described and 
illustrated herein with reference to the preferred 
embodiments thereof, it will be apparent to those skilled in 
the art that various modifications and variations can be made 
5 therein without departing from the spirit and scope of the 
invention. Thus, it is intended that the present invention 
covers the modifications and variations of this invention 
that come within the scope of the appended claims and their 
equivalents . 

10 

Industrial Applicability 

The present invention is applicable to a large-screen 
display device by increasing the luminance of the light 
emitting device. 
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